Background {#Sec1}
==========

Sepsis is defined as a life-threatening organ dysfunction caused by a dysregulated host response to infection. The incidence of sepsis varies among different studies with a wide range from 300 to 1000 cases/100,000 persons per year \[[@CR1]\]. In one of the studies conducted at Tribhuvan University Teaching Hospital, 10.49% of patients showed bacterial growth in blood or bone marrow samples \[[@CR2]\].

Organ dysfunction in the presence of infection increases in-hospital mortality by 10% \[[@CR3]\]. One of the studies done in Nepal showed overall mortality from sepsis as 39.3% and a higher mortality rate among elderly patients (46.7%) \[[@CR4]\]. In a comparative meta-analysis, there was 33.2% mortality of severe sepsis patients during 28-days follow up \[[@CR5]\]. Ongoing mortality in patients with sepsis remains elevated up to 2 years and beyond \[[@CR6]\].

Nowadays, several indicators are being used to predict the prognosis of sepsis. Commonly used prognostic indicators include Acute Physiological and chronic health evaluation II (APACHE II), Sequential Organ Failure Assessment (SOFA), Mortality in Emergency Department Score (MEDS), New York Sepsis severity score. In recent years Red cell distribution Width (RDW) is being investigated for its prognostic value in septic patients.

Red cell distribution width (RDW) is an index of variation of erythrocyte volume (i.e. anisocytosis). It is conventionally included in a standard complete blood count (CBC). The value of this parameter increases parallel with anisocytosis. It is conventionally increased in patients with anemia attributable to iron deficiency \[[@CR7]\], folic acid/vitamin B12 deficiency, patients with autoimmune disorders \[[@CR8]\], myelodysplastic syndrome, hemolytic anemia, liver impairment, sickle cell disease \[[@CR9]\], and blood transfusions \[[@CR10]\]. RDW value is increased among the red blood cell transfused patients \[[@CR11]\] and a cutoff value of RDW to predict the mortality of critically ill patients was higher in comparison to non-transfused patients \[[@CR12]\]. The normal range of RDW is 11.5 to 14.5% with no clinical scenarios that produce RDW \< 11.5%. Any process that results in the release of reticulocytes into the circulation will increase in RDW value.

When patients are infected, microbes release various toxins/lipopolysaccharides which activate inflammatory cascade via various interleukins, cytokines \[[@CR13]\]. Cytokines are responsible for the clinically observable effects of the bacteremia in the host \[[@CR14]\]. These cytokines induce direct red blood cell damage by erythrophagocytosis or apoptosis, interfere with iron homeostasis, inhibit erythropoiesis by myelosuppression and downregulate erythropoietin-receptor expression \[[@CR13]\]. These mechanisms are thought to lead to anisocytosis and increased RDW value \[[@CR15]\].

RDW has been utilized in diverse diseases other than traditionally for the interpretation of anemia. In chronic diseases, elevated RDW was associated with all-cause mortality in critically ill patients \[[@CR15], [@CR16]\] and increased mortality among healthy middle-aged \[[@CR17]\] and older adults \[[@CR18]\] from the general population and patients with cardiovascular disease \[[@CR19]\], stroke \[[@CR20]\], heart failure, and chronic dialysis \[[@CR21]\]. In acute conditions, RDW can also be used as a mortality predictor among patients with acute pancreatitis \[[@CR22]\], subarachnoid hemorrhage \[[@CR23]\], acute dyspnea \[[@CR24]\] during an emergency department visit \[[@CR25]\], out-of-hospital cardiac arrest \[[@CR26]\], cardiac arrest in ICU \[[@CR27]\], and critical illnesses in an ICU setting. For septic patients, RDW was also found to be an independent indicator of mortality in patients with gram-negative bacteremia, community-acquired pneumonia, severe sepsis, and septic shock \[[@CR28], [@CR29]\]. For every 1% increase in RDW value, total mortality risk increased by 14% among older adults \[[@CR18]\].

In the emergency condition like sepsis, a tool that can predict the severity and thus the prognosis of a patient is crucial in deciding the modality of treatment including the vasopressor, possible need of ventilator, empiric antibiotics or higher group of antibiotics. In the resource-limited setting of developing countries like Nepal, calculating other prognostic indicators like APACHE II, MEDS, SOFA will be costly as well as time-consuming. RDW is a cost-effective and easy tool to predict the prognosis of critically ill patients including sepsis. Only a few studies of this type are conducted in developed nations and as developing nations have different health set up, this prospective analytical observational study is designed to find whether RDW can predict prognosis of septic patients in one of the tertiary centers of Nepal or not. If we can have a predicted prognosis of patients, we can decide the aggressiveness of treatment on time.

Methods {#Sec2}
=======

The primary aim of this study was to determine the utility of red cell distribution width (RDW) as a prognostic factor in septic patients. The secondary aim of the study was to compare the efficacy of RDW to predict the mortality of septic patients with APACHE II and SOFA scores**.**

Study design {#Sec3}
------------

This prospective observational study was conducted in Tribhuvan University Teaching Hospital (TUTH), Emergency Room, Maharajgunj, Kathmandu, Nepal from June 2017 to August 2018. Patients ≥16 years with the clinical diagnosis of sepsis in the emergency room of TUTH were included in the study. Sepsis was suspected using qSOFA (quick Sequential Organ Failure Assessment) score. Patients with infection can be predicted to have sepsis if they have at least two of following clinical criteria that together constitute a new bedside clinical score termed as quickSOFA (qSOFA): respiratory rate of 22/min or greater, altered mentation status or systolic blood pressure of 100 mmHg or less \[[@CR3], [@CR30]\]. Septic shock can be clinically identified by a vasopressor requirement to maintain a mean arterial pressure of 65 mmHg or greater and serum lactate greater than 2 mmol/L in the absence of hypovolemia \[[@CR3]\]. The exclusion criteria were: The patient who received blood transfusion within 90 days before emergency admission.The patients who are known to have long-term conditions causing anemia like sickle cell anemia, thalassemia, iron deficiency anemia.Patient with incomplete information and data.The patient who deny consent.

Sample size calculation {#Sec4}
-----------------------

Sample size was 144 which was calculated using Daniel method (sample size = Z~1-α/2~^2^p(1-p)/d^2^) \[[@CR31]\]. For this purpose,' Z~1-α/2~^′^ is standard normal variate, 1.96 for 5% type I error; the expected proportion in population-based previous studies (p) was 10.49% \[[@CR2]\] and 'd' is absolute error or precision (0.05 for 5%type I error).

Data collection {#Sec5}
---------------

Patients with suspected infection and hence sepsis suggested by qSOFA score were enrolled into the study after getting formal written/oral consent from the patient or legal guardian available at the Emergency room. Only septic patients meeting the inclusion and exclusion criteria were enrolled in the study without any randomization of the samples. So, it was a non-probability sampling method. Patient's basic demographic information, vital signs on ER arrival, symptoms and underlying diseases, provisional diagnosis and laboratory values required for analysis of RDW, APACHE II, and SOFA score were collected. Clinical outcome of patients was followed by phone calls made at 28-day from the day of ER admission. Patients who were in hospital till 28-days were followed in the respective admitted wards or critical care units. Collected data were then analyzed. Data collection was done by the researcher.

Laboratory measurements {#Sec6}
-----------------------

RDW was a part of the automated complete blood count analysis. It was measured using the Nihon-Kohden automated hematology system analyzer. The normal laboratory range of RDW in our institution is 11.5 to 14.5%.

Statistical analysis {#Sec7}
--------------------

Descriptive statistics of demographic and laboratory variables are calculated as mean, median, numbers, and percentages. Patients were further stratified a priori based on RDW values as: RDW \< 13.1%; RDW ≥13.1--14%; RDW \> 14--15.6%; RDW ≥15.6% \[[@CR25]\]. An odds ratio was used to compare differences in mortality between groups. Binary logistic regression was used to evaluate potential confounding between risk factors, RDW, and mortality. Receiver operating characteristics (ROC) curve analysis was done to evaluate the performance of RDW in predicting mortality within 28-days of ER admission. The area under the ROC curve was compared between different clinical prognosis score viz. RDW, APACHE II, and SOFA. All *p*-values \< 0.05 were considered statistically significant. Statistical analysis was performed using IBM SPSS (Statistical Package for Social Sciences) version 25.

Results {#Sec8}
=======

A total of 148 patients were analyzed. Mean age was 51.29 years (S. D = 20.22) with a mean age in survival group 48.4 years (S. D = 19.94) and mortality group 59.10 years (S. D = 19.1). The maximum number of people lied in age-group 60--70 years (*n* = 28, 18.9%) followed by 20--30 and \> 70 years both of which have the same numbers. Data is negatively skewed (− 0.217). In the study, there were more females (88, 59.5%) than males (60, 40.5%).

Most of the patients lie in group with RDW \> 15.6 (*n* = 60, 40.5%). (Figure [1](#Fig1){ref-type="fig"}). Mean RDW was 15.933 (S.D = 2.69). Data for RDW groups was negatively skewed (− 0.678). Fig. 1Histogram of RDW classification; 1 = RDW \< 13.1, 2 = RDW ≥13.1--14, 3 = RDW \> 14--15.6, 4 = RDW ≥15.6

As data did not follow normal distribution (negatively skewed) nonparametric test (Mann-Whitney U test) was done to test the difference of distribution of Age, RDW, APACHE II and SOFA across the categories of clinical outcome (improved and mortality). The test showed a significant difference between the improved and mortality group with a *p*-value of 0.005, 0.000, 0.000, 0.002 for age, RDW, APACHE II, SOFA respectively (Table [1](#Tab1){ref-type="table"}). Table 1Mann-Whitney U test for predicting mortality among septic patientsVariableMann-Whitney U-Test*p*-valueAge2808.50.005RDW3422.00.000APACHE II3119.50.000SOFA2866.50.002

Binary logistic regression analysis was done to analyze the effect of confounding factors like age, sex, presence of septic shock on mortality. Results showed no significant effect of these confounding factors on mortality except for sex (*p* = 0.029, Odds ratio = 2.950, 95% C. I = 1.120--7.773) (Table [2](#Tab2){ref-type="table"}). Among the predictive scores viz. RDW, APACHE II, and SOFA scores; only RDW had a significant difference in predicting mortality with an odds ratio of 1.551 (*p* = 0.000003, 95% C. I = 1.292--1.863). So RDW is a better prognostic test to predict mortality in septic patients. Table 2Binary logistic regression analysis of confounding factors and prognosis predictive scoresOutcome*p*-valueOdds Ratio95% C.IImproved/Cured (*N* = 108)Mortality (*N* = 40)Mean (S.D)%*n*Mean (S.D)%*n*LowerUpperAge (years)48.4 (19.94)73.0%10859.10 (19.1)27.0%400.1011.2500.9581.632Hematocrit %35.3 (8.8)73.0%10833.6 (10.1)73.0%400.3150.9790.9411.020SOFA6 (3)73.0%1088 (3)27.0%400.0621.2210.9901.506APACHE II16 (7)73.0%10821 (7)27.0%400.1571.0530.9831.131RDW15.2 (2.2)73.0%10817.9 (2.9)27.0%400.0000031.5511.2921.863SexMale--65.0%39--35.0%210.0292.9501.1207.773Female--78.4%69--21.6%19Septic shockYes--63.6%28--36.4%160.5550.7130.2312.194No--76.9%80--23.1%24

Patients were further divided into two groups: (a) sepsis and (b) septic shock. Out of 44 patients with septic shock 16 died (36.4%) and among 104 patients without septic shock, 24 died (23.1%) with odds ratio of 0.713 (*p* = 0.555, 95% C.I = 0.231--2.194) (Table [2](#Tab2){ref-type="table"}). Overall mortality was 27.02% (*n* = 40).

RDW group analysis showed no mortality in RDW \< 13.1 group, 3.6% mortality in RDW \> 13.1--14 group, 22.0% mortality in RDW \> 14--15.6 group and 46.7% mortality in \> 15.6) RDW group (Table [3](#Tab3){ref-type="table"}). Significant mortality difference was seen in \> 14--15.6 and \> 15.6 RDW groups with *p*-value 0.003 and 0.008 respectively. This shows an increasing trend of mortality with the increase in RDW value and vice-versa. Table 3Binary logistic regression of RDW group and outcomeRDW ClassificationImproved/Cured (*N* = 108)Mortality (*N* = 40)Odds Ratio*p*-Value95% C.I*n*%*n*%LowerUpper\< 13.1109.3%00.0%0.0000.0030.0000.000\> 13.1--142725.0%12.5%0.000.99900\> 14--15.63936.1%1127.5%0.0420.0030.0050.332\> 15.63229.6%2870.0%0.3320.0080.1390.746

Receiver Operating Characteristic (ROC) curve was used to test the efficacy of different clinical scores viz. RDW, SOFA, APACHE II to predict mortality in septic patients (Fig. [2](#Fig2){ref-type="fig"}). Area under the ROC curve was analyzed which shows RDW, APACHE II and SOFA were fair tests to predict mortality in sepsis with AUC of 0.734 (95% C. I = 0.649--0.818; *p*-value = 0.000), 0.7.28 (95% C. I = 0.637 to 0.819; p-value = 0.000), and 0.680 (95% C. I 0.591--0.770; *p*-value = 0.001) respectively (Table [4](#Tab4){ref-type="table"}). AUC of RDW is \> 0.7 which is considered a fair test. Fig. 2Receiver operating characteristics curve analysis for RDW, SOFA, and APACHE II to predict mortality in sepsisTable 4Area under the ROC curve for RDW, APACHE II, SOFA to predict mortality of sepsisTest Variable(s)AreaSig.95% Confidence IntervalLower BoundUpper BoundSOFA0.6800.0010.5910.770RDW0.7340.0000.6490.818APACHE II0.7280.0000.6370.819

RDW value of 15.05 has a sensitivity of 73% (positive likelihood ratio = 1.82) and specificity of 60% (negative likelihood ratio = 0.45) while RDW value of 16.1 has sensitivity of 56% (positive likelihood ratio = 2.07) and specificity of 73% (negative likelihood ratio = 0.6). Youden Index was maximum (37%) at RDW value 14.75 which has a sensitivity of 83% (positive likelihood ratio = 1.81) and specificity of 54% (negative likelihood ratio = 0.32). Increasing the value of RDW decreases the sensitivity of the test and increases the specificity of the test.

Discussion {#Sec9}
==========

This prospective analytical study illustrated the significant differences in RDW levels between mortality and survivor groups of septic patients. This study aimed to find the performance of RDW to predict the mortality of septic patients. The performance of RDW to predict mortality in septic patients was found at least equivalent to other clinical scores like SOFA, APACHE II.

Over 500,000 patients each year present to an emergency department with suspected severe sepsis \[[@CR32]\]. Sepsis incidence increases \> 100 fold with the age (0.2 per 1000 in children age 10 to 14 years to 26.2 per 1000 in those \> 85 years of age) \[[@CR33]\]. In our study, the overall mortality in septic patients was 27.02% (*n* = 40) and the mortality in septic shock patients was 36.4% which is near to mortality rate shown by a meta-analysis of multicenter randomized- trials by Stevenson EK and et al. \[[@CR5]\] This meta-analysis had 33.2% mortality from severe sepsis.

Our study showed higher mortality in the septic shock group than patients without septic shock (36.4% vs 23.07%). In another study, among the severely septic patients (*n* = 2110), 13.8% died (*n* = 290), which is significantly higher compared with the non-severe septic group (3.8%, *n* = 187, *P* \< 0.001) \[[@CR25]\].

We found that mortality (46.7%) was more in the RDW \> 15.6 group. Mortality subsequently increased with an increase in RDW value. RDW had a significant ability to predict mortality in septic patients (*p* = 0.000, Mann Whitney U Test). Kim J et al. showed that RDW was a particularly strong predictor of all-cause mortality, 30 days following critical care initiation \[[@CR26]\].

In our study, the area under the ROC curve of RDW showed a fair capacity of RDW to predict mortality in septic patients (AUC = 0.734). AUC of RDW was greater than that of SOFA and APACHE II (AUC = 0.680 and 0.728). In another study, the area under the receiver operating characteristic curve of RDW to predict mortality was 0.75 (95% confidence interval, 0.72--0.77), which is significantly higher than the areas under the curve of clinical prediction rules (SIRS, MEDS, and CURB65) \[[@CR25]\]. AUC of RDW is \> 0.7 which is considered a fair test \[[@CR34]\]. However, Fontana et al. showed no correlation between RDW and prognosis of septic patients \[[@CR35]\].

Our study found that the sensitivity of RDW at 15.05 was 73% (Positive likelihood ratio = 1.82) and specificity of 60% (Negative likelihood ratio = 0.45). Decreasing the RDW value increases sensitivity while decreasing the specificity and vice versa. In a study by Chen et al.; using 12% as a cutoff of RDW, the sensitivity in predicting mortality would be 99.4% (negative likelihood ratio: 0.30). On the other hand, the specificity in predicting mortality would be 89.9% if 17% used as the cutoff of RDW (positive likelihood ratio: 3.16) \[[@CR25]\].

There were certain limitations to our study. All the data and patients were collected in a single-center so the findings may not apply in the general population. As a purposive non-probability sampling method was used there is a chance of selection bias. The severity of the disease, patient characteristics, the value of RDW, and treatment protocol may vary with different institutes and hence the outcome of patients. Though the findings in patients with hematocrit \< 36% are also applicable, patients with undiagnosed chronic anemia may have created biases and baseline hemoglobin of patients visiting the emergency room was lacking. Sepsis was diagnosed clinically using qSOFA which has low sensitivity due to which fewer cases might have been enrolled in the study.

RDW is a cheap and widely available test that has efficiency equivalent, if not more than the SOFA or APACHE II score. So it can be used in an emergency room or bedside or in a set-up where arterial blood gas analysis is not available to predict the severity/mortality of septic patients. This study provides level III evidence for its use in day by day life. However, a multicenter study involving different geographical conditions and randomized sampling method will help to reduce biases involved in the study. Separate studies need to be done before using findings to patients with anemia of different causes.

Conclusion {#Sec10}
==========

RDW has fair enough efficacy to be used as a prognostic score to predict the mortality of patients with sepsis in the emergency room. RDW can be a part of the severity score along with APACHE II or SOFA score to predict mortality in septic patients. Further studies are required to confirm these data.
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